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(54) A PROCESS FOR INCREASING THE HYDROPHILIC 
CHARACTER OF FIBROUS iMATERIALS OR PRODUCTS 
PREPARED THEREFROM 



(71) We, TEXTILIPARI KUTATO 
INTEZET, a Hungarian Body Corporate, of 
Gyomroi u. 86, Budapest X, Hungary, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 
This invention relates to a process for im- 

10 proving the properties of fibrous materials, 
mcluding products prepared therefrom, by 
forming active centres on the material or 
product to be treated, grafting in an aqueous 
solution of a monomer containing an acryl 

15 group at a temperature below 100°C and 
washing the product obtained. 

It is known that the properties of macro- 
molecular substances of natural, regenerated 
or synthetic origin may be altered by graft- 

20 ing. This procedure is generally carried out 
by linking one or more monomers or some- 
times also aligomers or polymers of suitable 
characteristics to the macromolecule to be 
grafted. Grafting is principally initiated with 

25 chemical agents or by irradiation methods. 

It is also well known that initiation may 
be carried out simultaneously with or prior 
to grafting. If initiation precedes grafting, 
usually only one of the components to be 

30 grafted is subjected to the initiation effect. 
Grafting may be carried out both in homo- 
geneous and in heterogeneous systems. In the 
case of a homogeneous system, e.g. when both 
the component to be grafted and the com- 

35 ponent to be applied are in the liquid phase, 
a grafted product of uniform quality can be 
obtained. If grafting is carried out in a 
heterogeneous system— e.g. when the sub- 
stance to be grafted is in the solid phase, 

40 while the component to be applied is in the 
liquid or gaseous phase — grafted copolymer 
is generally formed only on the surface of the 
component to be grafted. If cross-grafting is 
to be carried out, the solid component is 

45 generally used in swollen state. 

The grafting process may be regarded as 



a special case of copolymerization, wherein a 
copolymer is formed that contains the grafted 
component or components not in the chain 
but in the form of branches or terminal 50 
moieties. As an undesired by-product, a cer- 
tain amount of homopolymer is also formed 
in the grafting process. 

It is known that, in order to make graft- 
ing realizable on an industrial scale, efforts 55 
should be made to avoid the formation of 
homopolymers (Melliand Textilberichte, 49, 
99/1968/). 

As has been mentioned, above, the aim of 
grafting is to provide die substances with 60 
new and favourable properties, or to avoid or 
reduce their existing disadvantageous char- 
acteristics, respectively. Several processes 
have been developed for changing or improv- 
ing e.g. the adhesive properties, weather- 65 
resistance, resistance to microorganisms, dye- 
ability, hydrophilic, hydrophobic, oleophilic 
or oleophobic character respectively of the 
substance to be grafted. According to a known 
process for improving the hydrophilic pro- 70 
perries of substances, monomers of hydro- 
philic character are linked by grafting to die 
substance or component to be grafted. A dis- 
advantage of this known process is the occur- 
rence of the so-called gel-effect This effect, 75 
as it is described on page 19 and subsequent 
pages of the monograph "Fibres from Syn- 
thetics Polymers" by R. Hill (Elsevier Pub- 
lishing Co., Amsterdam — Houston — New 
York — London, 1953), consists mainly in that 80 
the viscosity of the solution increases simul- 
taneously with the progress of the polymeriza- 
tion, and at the end die solution even solidi- 
fies; the rapid increase of the viscosity, in 
turn, increases the polymerization rate, since 85 
the chain-termination process is repressed. 
According to Hill the gel-effect also increases 
the reaction rate in the case of heterogeneous 
polymerization. The increase of viscosity re- 
tards the reaction between the large molecules 90 
by blocking molecular motion; it does not, 
however, influence, the reactivity of mono- 
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mere of lower molecular weight, since the 
diffusion of the latter is not hindered. 

British Patent Specification No. 809,838 
relates to grafting initiated by preliminary 
5 imd.at.on. In Example 5 of the above patent 
specification it is mentioned that, when acryl- 

V** 38 ^grafting monomer, die 
solution becomes highly viscous due to the 

10 T^ a £° n °f P ol y a «ylaniide homopolymer. 
This has a detrimental effect on the grafting 
of acrylam.de on polyethylene. Example 8 
relates to the grafting onto cellulose acetate 
of acrylamide; according to this process the 
15 ?2? de by-product is separated from 
die grafted product by swelling. Example 9 of 
die above patent specification discloses the 
grafting of acrylamide onto polymethylmeth- 
acrylate films. The formation of larg£ quan- 
20 T** ° f P ol y«rylamide was observed also in 
M this process. The homopolymerization of the 
monomer used for grafting renders the pro- 
cess very disadvantageous from the economic 
point of view. 

S. Okamura et al ("Large Radiation 
25 ^ Ce \ m ,i n . du ^7 p ^edings%n the Con! 
i« D f "5S£ m War! »w", 1959, Vol. 1, pp. 
459 .?» fO) reported that, if me system is 
toSlEf t0 md a subsequent 

% SfSSS K f 50 ^ 0ut ' can 
30 be grafted onto nylon in methanol onlv with 
a total ykld of 8.6%. M this c«2t 
poor yield was due to the formation of sub- 
stantial amounts of acrylamide homopolymer. 
« ™ P roces j><* mentioned above, the 

K m graftm l ? eriod ran ged ^tween 
20 and 72 hours and the dosage of the pre- 

iZTV ****** ranged between 2.3 to 
io.z Mrad. In some instances shorter eraft- 
mg periods , were applied; in these cases, how- 
40 ever, tie dosage required for initS S. 
stannaUy damaged the polymer to be Rafted 

S ra ^ D !, WaS Carri ¥ out in severa l cases at 
temperatures exceeding 130°C and, accord- 
mgly, the process was to be carried out in 

K^l 81 " ^ pmeat In * e couref S 
grafting the substance sinters considerably In 
several cases, at the end of the process * the 
surface of the substance was reduced to 20V 
of the original value. /o 
50 The common drawbacks of the known pro- 
cesses are the following: the processes are 
generally complicated, lie treanCls timT 

dueTtL° r f 46 P. roces *V^ uneconomical 
due to the formation of homopolymers or 

55 Aey are n* smtable for mdustrial^oses 
at all, because of the rigidity, sintering or 
deformanon of the products. It is 5? for 
these reasons that neither literary references 
nor patent specifications relating 5 * S 

60 describe h, detail the properties of the pro? 
^? S ^ btamed So ' for exa ™Plc 3 even if ft ° s 
™ gating the dyeability of the 
product is improved, no mention is made of 

65 Si^-u 8 ? 60 ^* dimension stability, elas- 

65 ticity, flexibdny, handle, etc. of the product 



A further drawback of the known processes 
is that, mainly due to the increase of viscositv 
caused by the gel-effect, products of uniform 
quality cannot be obtained, since^ in the sys- 
tem of increased viscosity, the diffusion rate 70 
of the component used for grafting to the 
component to be grafted is not uniform. 

The object of the invention is to avoid the 
disadvantages of the known methods and to 
provide a process which allows the produc- 75 
tion of substances of high quality even on 
an industrial scale. 

This invention is based on the discovery 
that if the fibrous materials, including pro- 
ducts prepared therefrom, containing active 80 
«ntres are grafted in an aqueous solution of 
tne.nydrophihc monomer containing the com- 
ponents used for grafting in the form of a 
monomer and/or aggregates of monomer, the 

V^nS ° f J which solution is at least 1-2 cP 85 
at zn C and at a shear stress of 10 g/cm 2 
and not more than 300 cP at 20°C tempera- 
ture and at a shear stress of 50 g/cm 2 the 
propert.es of the fibrous materials can be 
permanently improved by grafting and the on 
process can be carried out practically with- 
out any formation of homopolymer. 

The invention is based further on the dis- 
covery that the above grafting process can be 
earned out in a particularly advantageous 95 
manner if the substance is moved dS 
grafting without damaging the gel-structure 
formed in the solution of the monomer. 

We have finally found that the solution of 
the monomer obtained after grafting can be 100 
repeatedly used for graftinf without any 
qualitative change, only by supplying addi- 
tional amounts of the applied monomer, the - 
evaporated water and the other additives 
optionally present This fact is very surpris- 105 
mg, since up to now it has been believed that 

S^K*- 0 * tbe 2 iscos - ity of ** monomer 
solution during grafting, i.e. the gel-effect, is 
due to the formation of homopolymer, and 
for dus reason the solution cannot be re- 110 
peatedly used (see e.g. the Examples of British 
latent Specification No. 809,838). 

Thus, the present invention consists in a 
process for treating a fibrous material bv 
forming active centres on said material and 115 
grafting onto said material a monomer con- 
taming an acryl group by moving said 
material through an aqueous solution of said 
monomer at a temperature below 100°C with- 
out damaging the gel structure formed in the 120 
solution and while applying a shear stress 
not greater than 300 g%m 2 , g the soSn £v 
mg a viscosity of at least 1.2 cP at 20°C and 
at a shear stress of 10 g/cm 2 and nrw 
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A certain amount of gelling necessarily 
takes place, even in the process of the inven- 
tion; this is not, however, due to the forma- 
tion of homopolymer, but is due to structural 
5 gel formation, which can be eliminated at 
any time by simple physical means, e.g. by 
shaking, vibration or stirring. 

This reversible gel formation is influenced 
by several parameters, such as the concentxa- 

10 tion of the solution, the weight ratio of 
fibrous material to monomer solution, the 
activation dosage, the temperature prevail- 
ing in the course of the grafting reaction, the 
duration of the process, and the speed of 

15 moving. The concentration and the weight 
ratio of fibrous material to monomer solu- 
tion preferably vary within a certain range. 

As has been mentioned above, the speed 
of moving and the corresponding shear stress 

20 may not exceed a certain upper limit 

The concentration and the weight ratio of 
fibrous material to monomer solution are cor- 
related. For example, if the concentration of 
the solution is 50 g/L, the weight ratio of 

25 the fibrous material to be grafted to the 
monomer solution is preferably at least 1 : 40 
and, for best results, may not exceed the 
value of 1:100. If a lower ratio (eg. 1:20) 
is used, the solution thickens during grafting 

30 to such an extent that homopolymer is also 
formed and the yield of grafting (decreases. 
On the other hand, if a higher (e.g. 1 : 150) 
ratio is used, gelling takes place to a very 
small extent, if at all, and the material is 

35 not grafted to the extent required in prac- 
tice. 

The main advantages of the process accord- 
ing to the invention are the following: 

a) As homopolymer-formation is avoided, 
40 the yield of the process is very advantageous. 

b) By enrichment of the bath after graft- 
ing, it can be repeatedly used. 

c) The invention makes it possible to im- 
prove the equilibrium sorption of atmospheric 

45 humidity and the water-retaining capacity of 
fabrics made of hydrophobic or substantially 
hydrophobic fibrous materials, e.g. of poly- 
amide fibres; accordingly the clothing- 
physiological properties of the fabrics can be 

50 modified as desired 

d) The dimensional stability of the grafted 
products is improved in all cases. 

e) The crease-recovery properties of the 
fibrous materials may also be improved by 

55 grafting with a suitable acryl derivative. 

f) The dyeability of the grafted products 
improves and, accordingly, they may be dyed 
with less expensive dyestuffs. 

g) When polyamide is grafted, the melt- 
60 ing-point of the product increases and the 

product becomes more acid-proof. 

The invention is further illustrated with 
reference to the following Examples. 



Example 1 

10 g. of polyamide 6 (Danamid) multifila- 65 
ment fibrous material were irradiated with a 
1.5 Mrad dosage of y-radiation from a Co 60 
source. The irradiated material was put into 
an aqueous acrylamide solution, and the air 
was expelled from the system by filling up 70 
with liquid. The concentration of the acryl- 
amide solution was 50 g./L, the weight ratio 
(fibrous material : solution) was 1 : 60, and the 
initial viscosity of the solution was 1.2 cP 
(at 20°C at a shear stress of 10 g/cm 2 ). The 75 
bath was heated to 94+ 3°C, and the fibrous 
material was moved in circles for 3 hours at 
a speed of about 5 m/min. (shear stress : 105 
g/cnr). Thereafter the material was removed 
from the bath, washed and dried. 80 

The weight of the product obtained had 
increased by 55 to 60%, this weight increase 
corresponding to the extent of grafting. Its 
equilibrium sorption of atmospheric humidity 
was 9% (at 20°C and at 65% relative 85 
humidity). The water-retaining capacity of 
the product was similar to that of cotton, 
and the product was easily dyeable with dye- 
stuffs ordinarily used in the industry. These 
properties of the product remained unchanged 90 
even after 60 washings. Compared to the 
starting material, the tensile strength of the 
product remained practically unchanged. 

Since in the course of grafting a part of 
acrylamide present in the bath was removed 95 
by the product, the acrylamide content of 
the bath decreased. The viscosity of the spent 
bath was 56 cP (at 20°C and at a shear 
stress of 20 g/cm 2 ). The structural viscosity 
of the bath was eliminated by vigorous stir- 100 
ring, and thereafter the amount of acrylamide 
corresponding to the loss was dissolved in the 
bath. When the grafting process was repeated 
using a bath prepared as described above, a 
product of the same quality as in the first 105 
process was obtained. This procedure can be 
repeated practically any number of times. 
After the 18th repetition of the process the 
viscosity of the bath was 272 cP (at 20°C 
and at a shear stress of 50 g/cm 2 ). 110 

Example 2 

Polyamide 6 (Grilon, Emser Werke, 
Switzerland — "Grilon" is a Registered Trade 
Mark) monofilament fibres of 0.1 mm dia- 
meter were irradiated with 03 to 0.5 Mrad 115 
dosages of y-radiation from a Co 60 source. 
The activated fibres were placed into an 
aqueous acrylamide solution (concentration: 
50 g/1, weight ratio fibres : solution 1:20). 
Thereafter the fibres were grafted and pro- 120 
cessed as described in Example 1. 

The weight of the product obtained had 
increased by 45%. Its equilibrium humidity 
content was 9%. The product was easily dye- 
able according to the usual dyeing methods 125 
of die textile industry. 
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Example 3 

«t M? ly ?P. ide 6 ( L &on; Rhodiaceto, Italy— 
Lihon is a Registered Trade Mark) muM- 
aT^f? 1 fibrous material was activated with a 
3.5 Mrad dosage of ^-radiation arising from 
an electron accelerator of 1.5 MeV energy, 
lhe fibres were grafted and processed as des- 



Example 5 

n c 1 & ^vj 800 ^ ^abrie was activated with a 
0.5 Mrad dosage of y-radiation from a Co 60 
source, and thereafter the activated fabric was 
placed into 18 ml 0 f a 5% aqueous N- 
methytolacrylamide solution having a viscosity 
* c ? at a temperature of 20°C and 

Under 2 snpar cfm>^ ~£ Cn — / «> « . 



10 



a solution con&ng <&% ffSS^S S"* ^ ""S", 0 * 50 S/ Gm *> where it 

suiphonated oil additive "to usecL * V * " at 70 ° C to 

After the grafting the bath of 43 t/1 ™„ g ^^ mg ' <* movement being 6 

centration waTcSd Uo XK a£ *L v£ TwFlT^ ***** h0UK > 0 05 

cosily of the bath was measured b7a HfionW *. !m4 hydr ^ a i P<*oxide were added to 

type Rheo-Viskometa rffSBrtf iSmte £ Srin^ S L5 hours > 

were obtained. mowing result the grafting was terminated. The samples 

were washed and thm-<><ifr«. „„„„ i.-_i„ j • .. 
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„ — ituiiiuaica. ine samples 
were washed and thereafter cross-linked in the 
presence of an acid catalyst (MgCU for 6 
minutes at 160°C. / w 

fc,^/*^ °* P rodu <* had increased 
by 20 Although the tensile strength of the 
product had decreased by about 17°/, the 
dimensional stability and the crease-recovery 
The viscosity of the starting solution of EE? * ** ^ 
50 g./l. concentration, in which gelling could 

not vet be nhaeravl v. 



Load 
200 g 
150 g 
100 g 

50 g 



Viscosity 
28.5 eP 
37.5 cP 
54.4 cP 

102.2 cP 
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o-/ ■ — — ."uuuu, hi wiucn geinng could 
not yet be observed, could be measured only 
at a load of 10 g. and under the above cir- 
<nimstances a value of 1.3 cP was obtained 

ine above data unequivocally prove that 
the viscosity of the solution is of structural 
character. - 

The weight increase and other properties 
of the product corresponded to those obtained 
m Example 1. 

Example 4 
Gnlon (Registered Trade Mark) monofila- 

tent WAR Q/+timti*A ttmV^ ^ 9 if »#1 _ « « 



WHAT WE CLAIM IS:— 
1. A process for treating a fibrous material 
by fonnmg active centres on said material 
and grafting onto said material a monomer 

u^ 1 b y mo ™g said 
material through an aqueous solution of said 
monomer at a temperature below 100°C with- 
out damaging the gel structure formed in the 
solution and while applying a shear stress 
not greater than 300 g/cm 2 , the solution 
Having a viscosity of at least 1.2 cP at 20°C 
and at a shrar ctr^cc m „/ o _ . 
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ment was acSwfthTa T^aH^ T* a ^f 08 ^ of at Ieast 12 <* at 20°C 
of y-radiation froml Co" source Jd wS ™ JV ^ ° f 10 ^ and 

thereafter placed into a lOy/SuScX at 20 ° C «* « * shear 



< -~ «. auurce ana was 

thereafter placed into a 10% aqueous acrylic 
acid [solution having a viscosity of 86 cP at 
w C and under a shear stress of 50 g/cm 2 
and was moved in circles in said solution at 

a? n^J . 0 T- ta C f eCt * e *P eed 

Throughout this period, the reaction mixture 
was exposed to ultraviolet radiation 

The weight of the product obtained had 
increased by 65%. Its equilibrium humidity 
content was 9.5%, in contrast with the value 
xtn(° ob ? e . rved with ^ untreated material, 
wnen this process was repeated with the 
exception that the reaction mixture was not 
M exposed to ultraviolet radiation during craft- 

Jfnt Sfo,**^. 0 * Ae P roduct ^ased by 
only 30% and its equilibrium humidity con- 
tent was only 6%. 
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stress of 50 g/cm 2 . 

2 A process according to claim 1, in which, 
following said process, said solution is re- 
plenished with water and with monomer and 
said process is repeated. 

3. A process according to claim 1, substan- 
tially as hereinbefore described with reference 
to any one of the foregoing Examples. 

A fibrous material when treated by a 
cltiiw aCCOrding t0 ^ one of 4(5 Preceding 

MARKS & CLERK, 
Chartered Patent Agents, 
57—60, Lincoln's Inn Fields, 
London, WC2A 3LS, 
Agents for the Applicants. 
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